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TECHNICAL NOTE NO. 1688

DYNAMOMETER~-STAND IRVESTIGATTON OF THE MUFFLER USED IN THE .
DEMONSTRATTON OF LIGHT-ATRPTANE NOISE REDUGCTION

By K. R. Czarnmeckl and Don D. Devis, Jr.

SUMMARY.

Ag part of a general Investigatlon dlrected toward the reduction of
airplane noises, tests were made on a ground dynamometer stand of a
muffler designed for an army liaison-type alrplane. The ground tests
Indicated that a reduction of 10 to 15 declbels was to be expected from
this muffler over the range from 1650 to 2790 rpm and thet an additional
reduction of 5 declbels was to be expected at some englne speeds from the
Ingtallation of a long tall plpe with an upward bend. This reduction was
substantiated by flight tests. The calculated attenuation characteristics
of the muffler are also presented. The experimentally determined low—
frequency cut—-off and upper pass frequencles agreed with the calculated ’
values. Further reductions in over-all nolse level for the engine appeared
possible only through quieting of Intake and engine-clatter noises. The
back pressures of the alrplane with muffler were about a third higher than
those for the unmodified airplane at 2790 rpm and were lower at lower englne
speeds. The power variations due to these back—pressure changes were small.

INTRODUCTTION

As part of a general Investigation directed toward the reduction of
alrplane noises, particularly those produced by the personal owner type
of alrplane, a.theoretical and experimemtel investigation is being
conducted by the Langley Iaboratory of the National Advisory Committee
for Aeronautics of the methods of muffler design. The study was under—
taken as a result of recent developments in propeller noise reduction
which make possible reduction of airplene propeller noise to a level
conslderably below that of the engine 1tself and as a result of the
fact that a reduction in noise level of one without a reduction in that
of the other usually does not result in any substantial reduction in
over—ell noise level. Several theoretical methods, in particular those
of electrical amalogy technique, cen be used to design mufflers, but in
practice much difficulty has been experienced in correlating theory
with experiment cn sn actual engine, usually because of excessive noise
interference during testing from sources other than the engine exhaust.
Lack of understending of the reasons for poor correlations mskes it
extremely difficult to design a muffler having the desired attenuation
characteristics without much empirical experimemtation. Also, at the
present time the lack of basic information regarding what noilse level
is acceptable to the public hendicaps the designer. The obJect of this
research 1s to gain an understending of the main principles -dinvolved
and to reduce muffler design to a more rationsl basis.
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As part of this study an experimentel investigation has been made of
a series of exhaust mfflers installed on a typical six—cylinder light—
girplane engine. The results of the tests of a low-frequency pass
exhaust-noise filter, which was later installed on a light airplane in
conjunction with a relatively “quiet" five-blade propeller for flight tests
(referqnce 1), are given in the present paper. The tests were conducted
- with the engine mounted, with propeller removed, in a ground dynamometer
gtand. Over—ell noise levels and nolse spectrums were determined over a
range of engine speeds wilth and without the muffler. Soms measured back
pressures, engine power variations, and a brief comparison between the
theoretical and measured abtenuation characteristics of the muffler are
Included.

It is stressed that this muffler is not an optimum design in any
respect and is only intended to indicate the possibility, not feasibility,
of quieting engine exhausts with reasoneble back pressures. Neither the
size nor the type of the muffler is Intended to be related in any way
with the smallest or most efficient muffler that can be designed for the
particular engine used in this investigatiom.

MUFFLER AND FENGINE

Consideration of the problem of exhaust silencing leads to the
conclusion that the ideel muffler is one which eliminates all of the
pulsating or "alternating current" flow while allowing the steady or
"direct current" flow to pass through the exhsust pipe unopposed. An
acoustical device amalagous to an electricel low-pass filter would meet
these requirements. In reference 2, one method of designing such a
device is discussed, and experlmental evidence of its effectlveness is
presented. With this reference as a guide, g muffler was designed for
the quiet-eirplane demonstration. The details of the design method
ere presented In appemdix B.

The muffler was designed to begin reducing the over—all exhaust
noise level when the engine speed was raised to about 1400 rpm and to
glve a theoretical attemmation of at least 15 to 20 decibels at engine
speeds of 1650 rpm or over. The exhaust pipe was chosen to have an area
about the same as the sum of the areas of the two original exhaust
manifolds, inasmuch as a smaller area with the length of tail pipe
required for the actual flight installation would have resulted in
excessive back pressures at high engine speeds. These design ccnditions
resulted in the muffler shown in figure 1. The muffler was constructed
of mild-steel tubing and sheet, welded together to form two tandem
cylindrical resonance chambers, each loceted concentricelly about the
internal. tube that served to guide the exhaust gases. The resonance
chembers each were 25 inches long and approximately 12 inches In outside

diameter. The exhaust pipe was 213; inches in outside diameter and had
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a %-:mch—thick wall. Comnection between the resonance chembers and the

exhaust plpe was obtained by means of a section of perforated tubing,

8 inches long, welded into the exhaust pipe at the forward end of each
chamber. A 6-inch length of exhaust pipe was left protruding at each
end of the muffler to provide means of attaching the muffler to the rest
of the exhaust system. A tail pipe terminated by an upturned elbow,
simrlating the flight installation, was installed for scme of the ground
tests. No attempt was made to design the smallest possible muffler;
physical size was a secondary consideration because this muffler was
intended to demonstrate the possibility, rather then the practicality, of

alrplene-engine silencing.

The theoretical attemuation of this muffler, as calculated by an
approximate formila, is shown in figure 2. Three theoretical curves are
plotted, one for each of the engine speeds at which measurements of
sound intensity and frequency were made. In order to obtain the curves 3
estimation of the probable exhsust gas temperatures was necessary at
these engine speeds.

The engine, which powers the test alrplane, is a direct—drive, four—
stroke, opposed, six—cylinder engine of 435-cubic—inch displacement and
rated at 185 horsepower at 2550 rpm at sea level. The engine is equipped
with two exhsust manifolds, one- on each side of the englne as shown in
figure 3. In order to install the muffler the cones with the longitudinal
slits at the ends of the exhaust pipes were removed and the two manifolds
brought together to a common pipe to which the muffler was welded. (See
fig. 4.) '

APPARATUS ARD TECHNIQUES

A photograph of the dynamometer setup is presented in figure 5. (n
the right—hend side of the photograph may be seem the engine and cowling
which were taken as a unit from the test airplame. Inasmuch as the
propeller was removed for this serles of tests, the power from the engine
was absorbed by means of an electric induction motor run as a generator
with the power being fed back into the 1ine. A variable~frequency
alternator was utilized to absorb the power and supply exciting current
to the motor. The motor is rated at 266 horsepower at 3500 rpm and has
power—speed characteristics similar to those of the engine at full-—
throttle operation. Cooling air for the cylinders and oil cooler was
supplied by means of a blower installed within a duct that guided the
flow to the emgine and oil-cooler cooling-air inlets.

The test alrplane instruments were used to check engine operatiom
except that engine speeds were determined with a combination of magnetic—
drag airplane tachometer gensrator and indicator » and thermocouples
were installed in the spark-plug gaskets of the spark plugs nearest the
exhaust ports to insure that the engine was not overheated during the
tests. Engine back pressures were determined with a micromsnometer
connected to a static pressure tap installed in the exhaust pipe from
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the left rear cylinder about 8 inches from the exhaust port. Variations
in engine power between the different configurations were determined by
electricel measurements of the output and losses of the dynamometer.

A Gemeral Radio Company sound—level meter, type T59-A, was used to
measure the over—aell nolse levels and a Gemneral Radio Company sound
analyzer, type T60-A, was used to determine the noise spectrums. All
noise levels were measured in decibels of sound intensity referred to
+the Acoustical Society of Americe stenderd base pressure level of 0.0002
dyne per square centimeter.

Noise-level measurements and spectrum analyses, with readings takem
at miltiples of ane-half the firing frequency, were made at a point
50 feet from the ends -of the wmmodified exhaust stacks on a line 135° to
the right and rear of a line running forwaerd in the plane of symmetry of
the engine. The nolse—level meter and spectrum analyzer were placed on
a board which rested directly upon the ground. No corrections for ground
reflections have been applied to the data presented in this paper.

Over—ell noise levels were measured over a range of engine speed
fram 1000 to 2790 rpm for three canfigurations: the engine with the
unmodified exhaust stacks, the engine with muffler, and the engine with
the muffler end a long tail pipe (10.5 £t) bent upward neer the end. The
last configuration approximates the actual flight installation. All
measurements were mede with full-open throttle. Spectrum analyses were
made Por all configurations at 1650 and 2000 rpm and for the first two
configurations at 2990 rpm. XEngine back pressures snd power oubputs
were measured at these same three speeds. After the campletion of these
ground tests, the muffler was instelled in the alrplane for flight testing.

The theoretical attenuation characteristics of the muffler were
computed by the electrical analogy methods of reference 2, with the use
of estimated exhaust gas temperatures. The design equatlions are presented
in appendix B.

AN

RESULTS AND DISCUSSION '

Ground. Tests

Over—ell noise levels.— A comparison of the over-all noise levels
measured for the verious configurations is given in figure 6. The data
indicate that the over—all noise level of the engine at full throttle
with the unmodified exhaust stacks was about 83.5 decibels at an engine
speed of 1000 rpm, increased rapldly with emgine speed to about 97 declbels
at about 1650 rpm, and thereafter remeined approximately constant. Both
theory and experimental results not given herein iIndicate that an increase
in the effectiveness of the exhaust manifolds as mufflers with em increase
in the frequency of the noise 1s responsible for the leveling off of the
curve at the higher engine speeds. Tests of airplamnes with stub stacks
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show noise levels- 10 or more decibels higher then noise levels for similar
ailrplanes with ring manifolding.

With the muffler alone installed, the over—all noise level wes
reduced by almost 15 decibels at 1650 rpm and by approximately 10 decibels
et 2790 rpm, the maximm speed investigated. The maximm attenuation
appegred to occur at about 1800 rpm. Below this engine speed the effective—
ness of the muffler decreased wntil at 1000 rpm practically -no attenuation
was obtained. This loss in muffler effectiveness can be predicted from
the theoretical curves of figure 2. A rapld decreass in attenuation
occurs as the fréquency decreases to TO cycles per second, end below this
point no attentuation by the muffler 1s expected. When the englne speed
is decreased to and below 1400 rpm, the fundemental firing frequency
approaches and drops below TO cycles per secomd and is, therefore,
attenuated less amnd, finally, not at all. Inasmch as most of the sound
energy 1ls concentrated in this fundamental note end 1ts low—order harmonics,
as 1s shown subsequently, a rapld deterioration of the over—all muffler
effectiveness occurs as the engine speed is reduced so that the frequency
of the fundamental note drops below the design end point or cut—off
frequency. The increase in over—ell noise level emcountered with increased
engine speeds above 1400 rpm with the muffler installed is ascribed mainly
to the fact that the Inteke nolse level and engine—clatter noise level
(Level of gear, valve, piston—slap, and other noises radiating From the
sides of the engine) increase with speed.

With the long tall pipe added .to the muffler a further reduction
in over-ell noise level of gbout 5 decibels was obtained at 1650 and 2790
rpm, but none at 2000 rpm., Calculations indicate that at the engine speed
of 2000 rpm the wave length of the fundamentel note is about twice the
length of the long tail pipe behind the muffler; therefore, the tail pipe
resonates and the effectiveness of the complete configuration is decreased
at this engine speed. Additional results not shown here indicate that the
minimm over-all noise level obtainable for this engine with a muffler lies
along a curve approximately parallel to and 5 decibels below the curve for
the muffler without the tail pipe. Any further noise reduction requires
a quleting of the intake noise and engine clatter.

Nolse spectrums.— Noise spectrums of the engine with and without the
muffler are presented in figure 7. These spectrums are quantitatively
applicable only to the engine used in this investigation, although other
six-cylinder engines of about the same horsepower and speed would probebly
have spectrums of somewhat similar shapes. At all speeds, the loudest
component of the nolse of the uhmuffled engine occurred at the fundamental
firing frequency of the engine (speed (rmm) times 3/60 cps) and most of the
gound. energy was concentrated at this frequency and its low—order harmonics.
This fact becomes more evident if it is considered that the energy in a
100-decibel sound is 10 times that in a 90-decibel sound and 100 times the
energy in an 80-decibel sound and if the sound levels of the low frequencles
in the spectrums shown are noted to be 10 to 20 decibels above those of the
high frequencles. Conversely, it may be deduced that the reduction of 15
to 20 decibels in over-all- ise level obtained with the muffler with long
tall plpe represents a reduction in over—ell sound energy of the exhaust
noise of about 97 to 99 percent.

e e e m e e e i i miiie pan me e e e - e ——— w—————— e ————- — e . - e
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Installation of either the muffler alone or the muffler with the
long tail pipe resulted in a reduction in the intensity of these low
harmonics although the magnitude of this reduction depended greatly upon
the amount of tail—pipe resonance present. The exhaust pipe ghead of
the muffler and the tall pipe behind the muffler of an exhaust system
resonate at certaln frequencles, Just as an organ pipe does, and the
oxhauet noise is, therefore, amplified at those frequencies. Too much
significance should not be attached to the apparent attenuation in noise
levels where any of the curves fall below TO decibels because of the
decrease in instrument reading accuracy and, also, hecause of the increased
Interference from englne—clatter, intake, and background noises at this
nolse level. Comparisons of the magnitudes of the measured and calculated
attenuation values have little meening, particularly at the higher engine
speeds where Inteke and engine noises are quite loud, because the measured.
noise spectrums represent exhaust and engine noises combined, whereas the
calculated attenuation curve applies only to exhaust noise. With these
facts In mind, however, encouragement on at least the three following
points can be obtalned by meking the comparisons:

(1) The predicted exhaust attenuation seems to be achieved at the
fundamental firing frequency (except for the 2790 rpm case, w:lth high
engine clatter)

(2) The upper pass band or region of no attenuation, which was
predicted theoretlically, i1s qulte close to the experlimentally determined
pass band

(3) The effectiveness of the muffler decreased rapidly at engine
speeds below the speed corresponding to the calculated low—frequency
cub—of?T,

Engine back pressures and power variations.— The results of the
englne-back—pressure measurements made at the three engine speeds
Investigated are presented in the following table:

Engine back pressure
Configuration (in. Eg)
At 1650 rpm|At 2000 rpm|At 2790 rpm
[Uomodified exhaust system 2.5 3.5 3.5
MuPffler alone 1.3 2.1 b7
Muffler with long upturned tail pipe 1.7 2.4 voe

. The data show that at the two lower engine speeds both maffler configu—
rations had smaller pressure drops than the unmodified two-manifold
system. The reverse is true at 2790 rpm because no great increase in

————— — . —— —mnm— o —_——— -
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back pressure occurs for the unmodified stacks above 2000 rpm. This

Pact may be due to a decrease in the component of back pressure due to
sound. waves although, since only one pressure tap was used in the tests,
some question may arise as to the reliability of these values. Such

e decrease has, however, been previously noted in refersnce 3. The

back pressure for the muffier alone should be noted to be only about a
third more than that for the unmodified configuratlon at this speed

end, although data for the muffler with the long tell plpe are not
available, the increase 1s estimated to be only slightly greater. Thus,
although the back pressure for the muffler configuration is high, it is
only moderately greater at 2790 rpm than that for the wnmodified configu—-
ration being used 1in the test airplane, and it may be lower at other
engine speeds normally used in flight. The horsepower output of the
engine was determined from measurements made of the electrlical output

and the losses of the dynamometer motor.- For 2000 rpm with full throttle,
‘these measuremsnte Indicated that a gain of about 1 horsepower was
obtained when the muffler with the long tail pipe was installed in place
of the unmodified exhaust system. The slit exhaust cones on the unmodified
stacks were found to produce a loss of from three to four horsepower.

At 1650 rpm with full throttle, the power loss from the installation of

the muffler and tall pipe was about l% horsepower less than the power

loss from the unmodified exhaust system. Due to Insufficient cooling
air, the cylinder-head temperatures rose rapidly to excessive values
at 2790 rpm, and the output power variation with changes in cylinder—
head temperature and inlet alr temperature were so large that this
variation could not be sepa.rated. from the emall power varlatlions due to
exhaust—system changes.

Flight Installation and Flight Tests

The muffler Installation in the modified airplane is pictured in
figure 8. The changes made in the manifolding may be seen by comparing
this figure with figure 3. The path of the exhaust gas 1s from the
engine through the manifolding to the common exhaust pipe below the
airplane, back along the fuselage, up into the stretcher compartment,
through, the muffler, and out of the end of the tall pipe alongside, but
at a safe distance fram, the vertical taill. Because of the heat radiated
inside the fuselage by the muffler, addition of a shield around the
miffler through which cooling alr was forced was necessary for the
comfort of the pilot. (See fig. 9.) A photograph of the complete air—
plane, ag flown in the demonstration, is given in figure 10. The results
of the flight tests of this airplane, presented in reference 1, show that
it was about 20 decibels quieter than the ummodified airplane at a distance
of 300 feet from the obssrver.

The followlng facte were revealed by a comparison between the flight
installation and the ground modified configuration, designated as mffler
with long tail pipe. Both systems were made of the same diameter piping.

e e e ——— ——— ————— . - —~ -
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behind the wye and were about equal in total length, except that in the
ground ingtallation the muffler was located relatively farther forward
and, therefore, had a longer tail pipe. The manifolding of the flight
installation was made of larger piping,and the bends all the way to the
wye were of larger radlius. The flight installation also had more bends
in the exhaust plping and a slit exlt which was not present on the
ground installstion. TIn view of these differences the nolse spectrum
of the flight installation 1s not expected: to be exactly the same as
that of the ground modified configuration, but the over—all nolse level
characteristics of the two installations maey be expected to be quite
similar, since the first—order attenuation characteristics in bota cases
depend upon the muffler. Analysis of the results of flight and ground
tests reveals that they are indeed simllar. The engine back pressure
of the flight installation may be somewhet higher than that of the
ground modified configuration due to the extra bends and slit.

SUMMARY OF RESULTS

An investigation of the attenuation characteristics of a muffler
designed for the quiet—airplane demonstration tests revealed the following
results: .

1. The muffler alone reduced the engine over—all nolse level by
values ranging from almost 15 decibels at 1650 rpm to approximately
10 decibels at 2790 rpm. The addition of the long tell pipe wlth a
right-angle bend gave a further reduction of about 5 declbels at some

engine speeds.

2, Further reductions in over—all noise level of the engine appear
possible only through the quieting of the intake and the engine-clatter
noises.

3. The back pressures of the muffler installations were about a
third higher than those for the unmodified test configuration at 2790 rpm
and were lower at lower engine speeds. The power varlations due to these
back—pressure changes were small.

k. Some correlation between theory and experdment, with regerd to
the existence and location of cut—off -frequencles and pass bands, appears
possible despite excessive interfering noises and lack of instrument
readlng accuracy at low nolse levels.

5. Results of ground and flight tests appear to check fairly well as
to the order of magnitude of the over—all noise level.

Langley Aeronasutical Laboratory
Wational Advisory Committee for Asronautics
Lengley Fleld, Va., June 2, 1948
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APPENDIX A
’SIMBOI-S

phase constant
radius of connecting holes, feet
attenuation constant

veloclty of sound, feet per second (Vl7207T)

conductivity of entrance to outer chamber of filter ona
na

dlameter of central tube, feet

diameter of outer chamber, feet

frequency, cycles per second

low—frequency cut—off, cycles per second

frequency of first upper pass band, cycles per second

wave length constant (2—22

length of one chamber of filter, feet (21 in appendix IV
of reference 2)

number of chambers for which attenuation 1s calculated
number of connecting holes in entrance

sound pressure &t entrance of mth chamber
sound pressure at exit of mth chamber

areea. of central tube, square feet
wall thickness of central tube, feet
temperature of exhp.ust gas, degrees Rankine

volume of-outer chamber, cublc feet
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phase and attenuation constant (a + ib) .

acoustlc resistance of a plane wave in the central tube (p_Sc)

acoustic impedance of outer chamber (i S

ratio of specific heats for exhaust gas

mean denslity of exhaust gas, slugs per cublc foot
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APPENDIX B

METHOD OF MUFFLER DESIGN
Theoretical Assumptlons

In the derivation of the equations presented hereinafter for the
low—frequency pass muffler, the following conditions are assumed:

(1) Only plane pressure waves exist in the exhaust pipe

(2) The sound pressures are small compared with the absolute static
pressure in the exhaust pipe

(3) Viscosity effects may be neglected

(4) The muffler walls neither conduct nor transmit sound

(5) No sound power is added in the muffler ;o

(6) The muffler consists of an infinite number of identical chambers

(7) The conductivity ¢, 1s large and is given with sufficlent
accuracy by the formula given in appendix A.

With conducting holes as small as those used in the muffler described
(fig. 1), it is conceivable that viscoslty effects at the holes may
appreciably affect the conductivity. Also, since a practical muffler
conglsts of & small number of chambers terminated by a tail pipe of
finite length, the impedance at the outlet of a particular chamber in an
actual case usually 1s not equal to the impedance which would be obtalned
with an infinite number of chambers beyond the outlet.

Deslgn Eqﬁations

By definition, the attenuwation of ‘the mth chamber of an acoustic
filter 1s

Jo

m1

where Py is the sound pressure at the.entrance of the chamber and p -~
is the sound pressure at the chamber exit. From appendix IV of reference 2,

Pn _ eiw =_eia—‘b
I’m—l—l

-—— . o e e mme PSP e et —— e - e e ¥V FT ep—t = vev e =



12 NACA TN No. 1688

where W = a + 1b. The real part b represents attenuation, when it is
negetive; whereas the lmaginary pert 1la represents a phase shlft which
i1s not required for calculating the numerical value of the attenuation.

Reference 2 also shows that, if one branch of an iInfinite serles of
ildentical 'branches is a pure reactance (no energy dissipation in the
brench),

17
coshd ==X (coe kz + a sin k7.1>

The sign which makes the hyperbolic cosline positive is used, since for
real values of b, coshb 2 1. When J|cosh b|< 1, no corresponding
real angle b exists and, therefore, no attenuation is possible.

The attenuation of m 1dentical chambers of an infinite filter
is m +times the attenuation of one chamber. From this information,
the attenuation 1s found to be

20 log, b _ _ 8.69nb

or

—-8.60n cosh T |cos ki, + ;—Z—T sin ki, (B1)

where b 1is taken as nega.tive gince no gound power 1s added in the
mffler.

<
Since no attenuation exists for Icosh bl =1, the end polnts of
the attenuation region may be found by setting |cosh bl equal to 1.

cos kzl + ii

2z,

Obviously, when sin k3 = O, cos k2; =+ 1, and the above condition is
satisfied. The upper limit of the attenuwation band may be approximately
located by finding the lowest frequency, above zero, for which

sin ki; = 0. The upper limit is found to be

sink7.1|=l

21rf7.l

c
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If the upper limit of frequency for which attenuation is desired i1as
known, the following relation can be used to fix the chamber length of
the muffler.

c

1, = = (B2)

oo
For the low-frequency cut—off f,, the following formmla is given

in reference 2: .

f = 2 5 1
¢ ®i/ Vs 1 4 48
11Co

This formula may be simplified if the number and size of the connecting
holes are assumed to be such as to make 3;¢,>> 4S5 (assumption (7)).

This assumption 18 true of the fllter shown In figure 1

2
Dy

o 2 2
Y (Da _Dl)

This simplified approximate formuls shows the effects of the basic filter
dimensions on the low frequency cut-off. If the cut—off frequency is to
be lowered, increasing the size of the outer chamber 1s obviously
necessary, since the exhaust gas temperature and back-pressure limitations
set the values of ¢ and D,.

ne

EY e

(B3)

Application to Deslgn

In the application of the equations to the design of a muffler,
enalyses of the engline noiss such as are shown 1n figure T are customarily
obtained first. The lowest frequency which must be attenuated, and
usually the loudest, is ordinarily the engine firing frequency. (See
fig. T) The cut—off frequency £, is chosen slightly below this
frequency. Another frequency is found on the spectrum analysis above
which no attenuation is required. The pass frequency fp 1s chossn
slightly above this frequency. The diameter of the central tube D;
is determined to meet the back—pressure requirements., Then 17 and Do
are found by use of the approximate formulas (B2) and (B3). The dimensions
are Pinally substituted in equation (Bl) and the attenuation is calculated

- e e —— e e B -—— -— -——— e
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for a single chamber (m = 1). A sufficient number of chambers is then
-chosen to insure satisfactory attenuation at all frequencies. Since both
the inlet and the outlet of the muffler are pipes of finite length,
resonances in them should be carefully avoided. Although a muffler of
this type has been shown to provide satisfactory engine—exhaust noise
reduction, i1t is not necessarily the smallest or most efficient muffler
which can be designed for a particular engine.
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test muffler (not the one described herein) attached,

Figure 4.~ Side view of engine with &
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Figure 6,~ Attenuation in over-ell noise level due to muffier instellation on test engins,
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Figure 7.- Noise spectrums for the test engine.
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Figure 8.- Muffler installation in modified test airplane.
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Flgure 9,- Muffler installation with shield which was placed around muffler.
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